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Theeffectsofrectifierreversecurrentonthevoltageamplilicationandresponse
timeofamagneticamplifierareanalyzedundercertainassumptions，Ｏｎｅｏｆｔｈｅｍ
ｉｓｔｈａｔｔｈｅｒｅｃｔｉｆｉｅｒｍａｙbesimulatedbyanidealrectifierandashuntingresistor
connectedinparallel・Andassumptionaboutmagnetiｃｃoreisthataveragereset
voltageisafunctionofsumofaverageampere･turnsofeachwinding･Ｔｈｅｒｅsults
ofanalysisareasfollows．Ａ、Thereciprocalofvoltageamplificationispropor・
tionaltotherectifierreverseconductance．Ｂ、Reductionofamplificationbecomes
greaterintheorderofdoublercircuit，full-wavebridgecircuitandcenter-tapdoubler
circuit．Ｃ・Thevalueofresponsetimechangesinproportiontovoltageamplifi‐
cation、Theseanalyticalresultsarecomparedwithexperimentalresults．
Introduction
Theprincipalpartsofaself-saturatingmagneticamplifierarethemagneticcoreandmetalic
rectilier・ThepropertiesofthesepartshaveseriouseHectsonthecharacteristicsofamagnetic
ampli6er・ＩｎｔｈｉｓｐａｐｅｒｔｈｅａｕｔｈｏｒｗｉｌｌｔｒｅａｔｏftheeffectofrectiHerreversecurrent、
ThereductionofamplificationbyrectifierreversecurrentwasalreadyrecognizedbyLA・
Finzi1)，EMiyazawa2）etc・Inaddition，themetbodofshuntingtherectifierwithadequate
resistance3)isusedwiththeobjectofadjustingtheamplificationorimprovingthelinearity・
TheoreticalstudiesontheeffectofrectifierreversecurrentwerepeｒｆｏｒｍｅｄｂｙＨ・RStorm4)，
Ｐ・RJohannessen5）ａｎｄＹ・Sakurai6)．Storm，sanalysisconcernsthecenter-tapdoublercircuitand
assumesthemagneticcoretohavearectangularhysteresisloopJohannessen，sstudyrelatesto
thedoublercircuitandassumesanidealcore・Sakurai，sanalysisreferstothehalf-wavetype
circuitandassumesnegativeinductanceWithrespecttodynamiccharacteristicsthereisnoother
descriptionthanStorm'spaperinwhichheexpressonlyhypotheticallyproportionalitybetween
responsetimeandvoltageamplification
Theauthorhasconsideredｔｈｅｍatterfromdifferentstandpoints．First，thedynamiccharac-
teristicsmustbediscussedmoreexactlyandobjectively，ｂｅcauseitisveryimportantforthe
applicationofmagneticamplifiers、Second，thepropertiesofboththemagneticcoreandthe
rectifierhavetobeconsideredsimultaneously，astheperformanceofthemagneticamplifieris
notdeterminedbyeitheｒｏｆｔｈｅｍａｌｏｎｅ・Third，therectifierreversecurrenthasdiHerenteffects
ondifferentcircuittypes：doublercircuit，full-wavebridgecircuitandcenter-tapdoublercircuit．
ThispaperwaspreparedonthebasisofthepaperpresentedattheHokurikuDistrictMeetingofthe
lnstituteofE1ectricalEngineersofJapan、０ct.，1959.
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Thereforetheanalysismustcoveralltheprincipalcircuittypes，andmustbecapableofex-
Plainingtheabove-mentioneddifferences・Fromthesestandpointstbeeffectsofrectifierreverse
currentontheamplificationandresponsetimeareanalyzedbymeansofdifferenceequations．
Ｔｈｅｎtheresultsofanalysisarecomparedwiththeexperimentalresults．
Notations
AU voltageampliiication
Az10voltageramplificationintheabsenceofareversecurrent
E`("）averagea.c・supplyvoltagemthenthhalf-cycle
EC("）averagecontrolvoltageinthenthhalf-cycle
Eg(､）averagegatevoltageinthenthhalf-cycle
Ex"）averageloadvoltageinthenthhalf-cycle
Eγ("）averageresetvoltageinthenthhalf-cycle
lb("）averagereversecmrentinthenthhalf-cycle
Ib("）averagecontrolcurrentinthenthhalf､cycle
lX"）averageloadcurrentinthenthhalf-cycle
Ki，斑,Ｋｉ'ａｎｄＫ３′coefIicientsoffundamentaldifferenceequation
R6 rectifierreverseresistance
Rc comrolcircuitresistance
Rg gatewindingresistance
loadresistanceRノ
outputcircuitresistance（＝Ｒ/＋Ｒｇ＋rectifierforwardresistance）Ｒｏ
Ｔｈａｌｆｐｅｒｉｏｄｏｆａ．ｃ・supply（＝１/が）
ｃｃonstantrepresentingmagneticcorecharacteristic
instantaneousa．ｃ・supplyvoltageea
instantaneouscontrolvoltageec
instantaneouseｍｆｉｎｄｕｃｅｄｉｎｔｈｅｇａｔｅｗｉｎｄｉｎｇｌｅｌ
ｉｎstantaneousemfinducedinthegatewindingⅡＧ２
′frequencyofac､supply
instanteneousreversecurrentZb
mstantaneouscontrolcurrentzc
instantaneousloadcurrentZノ
〃ordinalnumberofhalf-cyclesofa．ｃ・supply
tumsratioofcontrolwindinｇｔｏｇａｔｅｗｉｎｄｉｎｇｌｚｃ
ノｔｉｍｅ
４differencefromtheequilibriumvalue
α〃saturationangleinthenthhalf-cycle
でｒｅｓｐｏｎｓｅｔｉｍｅ
ｄmagneticHux
Assumptions
Inthecasewheretheforwardcharacteristicofthemetalicrectifierispoorortheforward
resistanceishigh，ｔｈｉｓｐｒｏｄｕｃｅｓｔｈｅｓａｍｅｅｆｆｅｃｔａｓａｎｉncreaseofgatewindingresistance・There‐
－７－
８MemoirsoftheFacultyofTechnology，KanazawaUniversity，Vol、３Ｎｏ．１，１９６３
foreonlytheeffectofrectifierreversecurrentisdiscussed
Thefollowingassumptionsaremadetoreducethecomplexityoftheanalysis．
Ａ・Thereversecharacteristicofthemetalicrectifierissimulatedbyanidealrectifieranda
shuntingresistorconnectedｉｎｐａｒａｌｌｅｌａｓｉｎｔｈｅｓｔｕｄｙｏｆＳｔｏｒｍ４)．
BThecharacteristicsofthemagnetｉｃｃｏｒｅｉｓａｓｓｕｍｅｄａｓｉｎｔｈｅｐｒｅｖｉｏｕｓpaperofthe
author7)．Namely，theemfinducedinthereactorwindiｎｇｉｓａｓｓｕｍｅｄｔｏｂｅａｆｕｎｃｔｉｏｎｏｆ
ｔｏｔａlampere-turnsintheregionofnon-saturation・Themagneticcoreintheresetting
half-cycledoesnotsaturateintheoperatingregionofassumptionD，thereforetheaver‐
ageresetvoltagebecomesafunctioｎｏｆｔｈｅｓｕｍｏｆaverageampere-turnsofeachwinding
CDuringthesaturationintervalreactorsnotabsorbanyvoltage,ｏｒ⑪/αノー０．
，．Theoperationofmagneticamplifieｒｉｓｌｉｍｉｔｅｄｉｎｔｈｅｐｏｓｉｔｉｖｅｌｉｎｅａｒｒegionofitstransfer
characteristio
EThecontrolcircuitorloadcircuitnotcontainsareactiveelement．
ＥＴｈｅreversecurrentisnegligibleincomparisonwithloadcurrent,oriib＜ﾉﾉ．
Ｇ・Theresistanceofgatewindingisnegligibleincomparisonwiththereverseresistanceof
rectifier,ｏｒＲｇ＜Ｒｂ．
DoublerCircuit
lnthefirstplacethedoublercircuiｔ willbeanalyzed、ThecircuitdiagramisshowninFig・L
Ifweconsiderthenthhalf-cycleduringwhichthe
magneticHuxinthｅｃｏｒｅｌｉｎｃｒｅａｓｅｓａｎｄｔｈｅｆＩｕｘｉｎｔｈｅ
coreⅡdecreasesfromthesaturatedvalue，thishalf-cycle
isagatinghalf-cycleforthecorelandaresettinghalf‐
cｙｃｌｅｆｏｒｔｈｅｃｏｒｅｕＩｎｔｈｉｓｈalf-cyclereversevoltage
appearsacrosstherectifierⅡConsequentlythereverse
currentノｂＨｏｗｓｔｈｒｏｕｇｈＲｌ．Ａｓノノ＞ｊ６ａｎｄＲ６＞Rgby
assumption，thefollowingcircuitequationsmaｙｂｅｗｒｉｔ‐
ten．
Ｒ
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Fig.１．DoublerCircuit．
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Byintegrationoverthenthhalf-cycle
ll紙:梅liillijlIiWIl1で蝋山塞， (2)
Ontheotherhandtheaveragevaluesｉｎｔｈｅｎｔｈｈａｌｆ－ｃｙｃｌｅａｒｅ
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ThereactorlabsorbsthevoltagetoreachthesaturationandthenthegateactiontakesPlace・
ButthereisnovoltageoverthereactorIaftersaturationThereforetheaveragegatevoltage
lS
Eルー÷|(:ｺﾞ)尹鯏'''`]'ルナに二M'`｣'`'=÷1(二M`Idf（４）
whereα〃ｉｓｔｈｅｓａｔｕｒａｔｉｏｎａｎｇｌｅｉｎｔｈｅｎｔｈｈａlf-cycle
Thisnthhalf-cycleisｔｈｅｒｅsettinghalf-cycleforthereactorⅡ，andtheaverageresetvoltage
lS
E化)=÷Iii二！)r'``'ルー÷|i二MＭ（５）
SubstitutingEqus，３，４ａｎｄ５ｉｎｔｏＥｑｕ２，ｗｅｇｅｔ
ｌ鯛二馴圭慾)､-ＷⅧ） （６）｜川獺ﾙﾆｰE化)+E鰯(")-R川）
Takingthedifferenceofeachvaluefromthecorrespondingequilibriumvalue，ａｎｄｐｕｔｔｉｎｇａ
ｓｙｍｂｏｌ４ｔｏｉｔ，ｗｅｏｂｔａｉｎ
ｌｊ量(:)=鰯縦茜差鮎…） （７）ｌＭｗＤ－－`ＥＫの+`E化)-ＭＫ臓）
BytheassumptionBtheaverageresetvoltageE,("）ｉsafunctionoMcIb("）－１b(")．
Ｅ,(")＝'("`Ib(")－ID(")）（８）
ByexpandingEquBandneglectingthehigherorderterms，ｗｅｏｂｔａｉｎ
〃c4Ib("）－ＪID("）＝〃ccjE,("）（９）
wherecisaconstantrepresentingthemagneticcorecharacteristic・
Similarlyinthe（〃＋１)thhalf-cycle
l`E化十D=Ｍ("+D+ｊＥ譽(獺+'）隙騏二竺遮;lF1lf蝿！(M｢町竺翻弄{） （１０）
and〃c4Ib(〃＋1）－４１６(〃＋１）＝〃ccJEγ(〃＋１）（11）
ＴｈｅｍａｇｎｅｔｉｃＨｕｘｉｎｔｈｅｃｏｒｅⅡdecreasesfromsaturationtosomelowerlevelduringthenth
half-cycle，andthenretumstosaturationinthe（〃＋１)thhalf-cycle・Therefore
l(:土器`の=1二土::茅･昨゜（'2）
９
lOMemoirsoftheFacultyofTechnology，KanazawaUniversity，ＶｏＬ３Ｎｏ、１，１９６３
．㎡ｌＩＷＥｍ“`#＋1Ｗ'図ルー゜（'3）
oｒ－４Ｅ,(")＋ＪＥｇ(〃＋１）＝０（14）
Byeliminating4Eg(")，ｊＥｇ(〃＋1)，ｊＥｒ(")，咽,(〃＋1)，４ID(")，」ID(〃＋1)，４１ｔ("）ａｎｄ
仏(〃＋1）fromEqus､７，９，１０，１１ａｎｄ14,ｗｅｇｅｔ
１０００００００ROJIX"）－４Ｅα("）
"ＣＯ－"ｃＯＯＯＲｃＯ－Ｅｃ("）
００－１０－尺６０００ｊＥａ("）－尺ﾉＪＩＫ"）
００〃cｃＯ１０－〃ｃＯＯ
Ｏ１０００００ORp4IX〃＋１）－４Ｅα(〃＋１）
0〃CＯ－'ｚｃＯＯＯＲｃ －ｊＥｃ(〃＋1）
０００－１０－Ｒ６００４Ｅ`(〃＋１）－ＲﾉＪＩＫ〃＋１）
000〃cｃＯ１０－〃C Ｏ
Ｏ１－１００００００
＝０（15）
〃+豊島ﾄﾞﾆ扉”'一帆十釜
(16）
ＢｌＬＢ
Ｌ一町
Ｌ｜岡汁
十
砒
妨
Ｃ
〃
〃
一
〃
(17）
Ｋ２'＝
Ｋ３'＝ 好一帆十蓋Ｒｏ
ｈｅｓａｍｅｆｏｒｍａｓｉｎｔｈｅｃａｓｅｗｈｅｒｅｎｏｒｅｖｅｒｓｅEqu、１６ｈａｓｔｈｅｓａｍｅｆｏｒｍａｓｉｎｔｈｅｃａｓｅｗｈｅｒｅnoreversecurrentHows7)，ｂｕｔｈａｓｄｉｆ[erent
coeHicients、Besides，Equl6becomesJohannessen，sequation5）ｗｈｅｎｃ＝０，４Ｅα("）＝Ｏａｎｄ
４Ｅ`("＋1）＝０．InotherwordsthecaseJohannessentreatedwasthatoftheidealmagnetic
coreandconstanta．ｃ・supplyvoltage
Full-WaveBridgecircuit
Thecircuitdiagramoffull-wavebrｉｄｇｅｔｙｐｅｉｓ
ｓｈｏｗｎｉｎＦｉｇ２１ｆｗｅｃｏｎｓｉｄｅｒｔｈｅｎｔｈｈａｌｆｃｙｃｌｅ
ｗｈｉｃｈｉｓｔｈｅｒｅsettinghalf-cycleforthemagnetic
coreⅡ，areversecurrent8owsthroughtherecti‐
HersⅡａｎｄⅣ、Wecanneglectthereversecurrent
ascomparedwiththeloadcurrent、andthecircuit
equationsbecｏｍｅ
ｅ仁
RＬ
Rｃ
Fig.２．Full-WaveBridgeCircuit．
1０－
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{:計鵜+帆⑭
Ｂｙｔｈｅｓａｍｅｐｒｏｃｅｄｕｒｅａｓｉｎｔｈｅｃａｓｅｏfdoublercircuit，ｗｅｇｅｔＥｑｕｌ６ｆｒｏｍＥｑｕ、１８，where
thecoeHicientsKi，Ｋ２,Ｋ２'ａｎｄＫ３'areexpressedasfollows．
〃c２｜
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｜
｜
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Center-TapDoublerCircuit
欄議撫:浮
腫111蝋 （20）Ｆｉｇ．3.
Rｂ
升肩
Rb
Center-TapDoublerCircuit．
ｗｅｇｅｔＥｑｕｌ６ｆｒｏｍＥｑｕ，２０．Ｈｏｗ‐
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11
ＡsmentionedabovethereisnodiHerenceintheformoffundamentalequationbetween
diHerentcircuittypes・AlsobycomparingEqus、１７，１９ａｎｄ２１ｉｔｉｓｃｏｎｃｌｕｄｅｄｔｈａｔｔｈｅｃoeHi-
cientsKh,Ｋ２'ａｎｄＫ３'areindependentofcircuittypesbutthatthecoefIicientKidependson
them・Besides，Ｒ６ｉｓｃｏｎｔａｉｎｅｄｉｎａｌｌｔｈｅｃｏｅ伍cientsintheformRc/Ｒｂ、Thereforethehigher
Rcis，ｔｈｅｇｒｅａｔｅｒｉｓｔｈｅｅｆｆｅｃｔｏｆＲ６・Inotherwords，thereversecurrenteffectismoremarked
lfwesubstituteR6＝ｏｏｉｎＥｑｕｓ、１７，１９ａｎｄ２１，weobtain
j:こす
'二二禽鬘
inallcircuittypes・Thesevaluescoincidewiththoseinthepreviouspaperoftheauthor7)．
Thevoltageamplificationmaybeobtainedbysubstituting〃＝｡｡，４Ｅ`("）＝0,ＪＥ`(〃＋１）
＝Ｏａｎｄ４Ｅｃ（１）＝JEC(2)＝……………＝JEC（｡｡）ｉｎＥｑｕ、１６
Ａ=鑑詩=丁二芸丁￣ツー」ＥＣ(｡｡）１－Ki
titutingEqus、１７，１９ａｎｄ２１，respectively，ｉｎｔｏＥｑｕ２３，ｗｅｇｅｔ
里Lforthedoubler〃CAZ,＝ ‐帆十畳(１－畳)＝。凪一凡ＢｌＬ１
ｊ
Ｂ－Ｂ十，１１ １
勉凪｜岡焔Ｌ｜則
＋
＋
尺
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〃
一
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｜
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Ａ
Ａ
forthefuLwavebridge （24）
forthecenter-tapdoubler
Ｅｑｕ２４ｓｈｏｗｓｔｈａｔｔｈｅｖｏｌｔａｇｅａｍｐｌｉｆicationdependsonthepropertiesofboththemagnetic
coreandtherectifier・Inparticularinthecaseofagoodcoreandapoorrectifier（|Cl＜1/Ｒｂ)，
theamplificationisdecidedbythepropertyofthelatter，ａｎｄｉｎｔｈｅｃａｓｅｏｆａｐｏｏｒｃｏｒｅａｎｄａ
ｇｏｏdrectifier（|Cl＞1/Ｒｂ),itisdeterminedbythepropertiesoｆｔｈｅｆｏｒｍｅｒ・
TheresponsetimeofamagneticamplｉｆｉｅｒｃａｎｂｅｏｂｔａｉｎｅｄｆｒｏｍＥｑｕｌ６ａｓｉntheprevious
paperoftheauthor7)．
－１１１＋Ｋｉ （25）～-－。_←－－７＝２ハｎＫｉ－４/・１－Ｋ，
ＩｎｐａｒｔｉｃｕｌａｒｉｎｔｈｅｃａｓｅｏｆｆｒｅｅｍａｇnetizationRcisverysmall，thenresponsetimebecomes
アー券芳A。（26）
Ｔｈｉｓｈａｓｔｈｅｓａｍｅｆｏｒｍａｓｔｈｅｅｑｕａｔｉｏｎｏｂｔａｉｎｅｄｂｙｔｈｅａｕｔｈｏｒｆｏｒｔｈｅｃａｓｅwherethereisno
rectifierreversecurrent7)．Thiscoincidesalsowiththeequationwhichwasusedhypothetically
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byStorm4)，ｉｆｗｅｐｕｔＲｏ＝Ｒノ
Experiments
SomeexperimentswereperformedwiththeSeries3700，Partl8C3712G2magneticamplifier
ofWestinghouseElec・CorpTheexperimentalconditionswereasfollows・
doubler，full-wavebridgeandcenter-tapdoublerCircuittype
Windingcontrolwinding：８０turns，gatewinding：１２５０turns
Ｒノー１０６．３２，Ｒｇ＝17.Ｍ，Ｒｃ＝２２．１J9Circuitresistance
Rectifier geｒｍａｎｌｕｍ
Ａ．Ｃ、supply ６０ｃ/ｓｐｏｗｅｒｓｕｐｐｌｙ
ｍＡThegermaniumrectifierswereshuntedbyresis‐ ｌＬｚ０
ｔｏｒＲ６ａｓｉｎＦｉｇｓ、１，２ａｎｄ３，ａｎｄtheirtransfer
characteristicsweremedsuredforseveralvaluesof ノＳ
ＲＯ・Ｆｉｇ．４showstheresultsofsuchexperinlents
forthefuU-wavebridgecircuit・Theseexperi‐ ノo
rnentswerealsoperformedforthedoublercircuit
andcenter-tapdoublercircuit、Fromthesetrans{er S
characteristiccurvesthevoltagearnplificationA‘
ａｔｔｈｅｍｉｄｄｌｅｏｆｍａｘｉｍｕｍｏｕｔｐｕｔａｎｄｍinimum
outDutwascalculated、Plottingl/ＡＵｉｎｔｈｅｏｒ－
、ＡＤＣ
outputwascalculatedPlottingl/ＡＵｉｎｔｈｅｏｒ‐ Ｆｉｇ．４．TransferCharacteristicsdinateandl/R6intheabscissa，ｗｅｇｅｔＦｉｇ５， ofFull-WaveBridgeCircuit・
ＯｎｔｈｅｏｔｈｅｒｈａｎｄｗｅｏｂｔａｉｎｆｒｏｍＥｑｕ、２４
１辻Liiii萱c-畳)…伽forthefull-wavebridge（27）に茎十蝋c+豊川仇………
whereＡ”istheamplificationintheabsenceｏｆａｒｅｖｅｒｓｅ
ｌＲノＡ"。＝－－－cRcRO
Wecancalculatethetheoreticalrelationbetween
l/Ａ‘ａｎｄｌ/Ｒ６ｂｙＥｑｕ、２７．Thevaluescalucu‐ Ａｒ
ｌａｔｅｄｂｙｔｈｉｓｍｅｔｈｏｄａｒｅａｌｓｏｓｈｏｗｎｉｎＦｉｇ５・
ＴｈｅｆｕｌｌｌｉｎｅｓｓｈｏｗｔｈｅｃａｓｅｗｈｅｒｅＲｏｉｓｍａｄｅ
ｅｑｕａｌｔｏｔｈｅｓｕｍｏｆＲＪａｎｄＲｇ，andthedotted
lineｓｓｈｏｗｔｈｅｃａｓｅｗｈｅｒｅＲｏｉｓｔａｋｅｎａｓｔｈｅａ
ｃ・supplyvoltagedividedbythemaximumoutput
current・
Thetheoreticalresultscoincidetolerablywell
withtheexperimentalresults、Thereforeitmay
Fbeconcludedthatｌ/Ａ〃ａｎｄｌ/Ｒ６ｈａｖｅａｌｉｎｅａｒ
－１３－
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relation，andthatthereversecurrenteffectbecomesgreaterintheorderofdoubler，full-wave
bridgeandcenter-tapdoublercircuit・
NexttheexperimentalvaluesofKi，obtainedfromthetransientresponsｅｔｅｓｔｆｏｒａｓｕｄden
changeofcontrolvoltage，ａｒｅｓｈｏｗｎｉｎＴａｂＬＩｎｔｈｉｓｔａｂｌｅｔｈｅｃａｌｃｕlatedvaluesareobtained
fromEqus１７，１９，２１ａｎｄ
１ Ｒノｃ＝￣ｚ５５Ｉ？百万 （29）
Thethoreticalvaluescoincidewithexperimentalvalueswithinexperimentalerrors，andthe
above-mentionedtheorysｅｅｍｓｔｏｂｅｔｒｕｅ．
Tab・LCoefIicientKi
Kｉ
Circuittype Ｒｂ Measured
Calculated
EノincreasinglE/decreasing
Doubleｒ
〃
Full-wavebridge
〃
〃
Center-tapdoubler
〃
０．８５２
0.855
0830
０．７６２
ｑ７２３
0.821
0.690
８
４
６
０
６
５
５
８
８
８
８
７
８
７
●
●
●
●
●
●
●
０
０
０
０
０
０
０
Ｃｏ
５０ｋｇＪ
ｏｏ
５０ｋｇ２
３０ｋＱ
ｏｏ
５０ｋｇ２
７
５
６
０
６
５
６
８
８
８
８
７
８
７
●
●
●
●
●
●
●
０
０
０
０
０
０
０
Conclusion
ThefundamentaldifIerenceequationofself-saturatingmagneticamplifierhastheformofEqu、
16,anditscoeHicientsaregivenbyEqu、１７forthedoublercircuit，ｂｙＥｑｕ、１９ｆｏｒｔｈｅｆｕｌｌ‐
ｗａｖｅｂｒｉｄｇｅａｎｄｂｙＥｑｕ、２１forthecenter-tapdoubler．Thevoltageamplificationisobtained
byEqu、２４．Thereciprocalofvoltageamplificationisproportionaltotherectifierreversecon-
ductance・Thereductionofamplificationbecomesgreaterintheorderofdoubler，full-wave
bridgeandcenter-tapdoublercircuit、Thevalueofresponsetimechangeslnproportiontothe
voltageamplification．
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